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Pollination of Scutellaria mexicana (Lamiaceae)
in southern Nevada by Anthophora bees
WILLIAM D. WIESENBORN*

ABSTRACT.—Scutellaria mexicana (Lamiaceae) is a common shrub in the Mojave and northern Sonoran Deserts in
North America. The plant produces small tubular and bilabiate flowers that are nototribic by enclosing 2 pairs of
stamens and a style within a hooded upper corolla lip. I investigated the pollination of the species in southern Nevada
during April 2018 by aspirating insects from flowers. I estimated amounts of S. mexicana pollen on the front of the head
and dorsum of the thorax, determined proportions of conspecific pollen on the head, thorax, and middle and hind legs, and
examined correspondence between measurements of insect and flower structure. All insects collected on flowers were
similarly sized bees in Anthophora (Apidae), mostly comprising A. coptognatha females, followed by A. centriformis
males and females. Bees landed on flowers and fed on nectar with the front of the head against lobes that extended laterally from the base of the upper corolla lip. Large and varying amounts of conspecific pollen were carried on the head
and thorax of bees, consistent with S. mexicana’s nototribic flowers. Bees appeared specific to the plant because they
carried high proportions of S. mexicana pollen. Proportions of conspecific pollen on bees differed among collection sites,
likely due to different floral compositions. Lower proportions of conspecific pollen on the legs compared with the head
or thorax indicated that pollen from plants other than S. mexicana was more likely to be transferred to the legs by bees
of both sexes and transported to larvae by females. The length of Anthophora’s long glossa corresponded to the depth of
the corolla and the availability of nectar. The vertex of the head and anterior dorsum of the thorax of bees feeding on
nectar would align with the anthers and stigma on the flowers. Scutellaria mexicana in southern Nevada appears to be
dependent on Anthophora bees for pollination.
RESUMEN.—La Scutellaria mexicana (Lamiaceae) es un arbusto común en el desierto de Mojave y en el norte del
desierto de Sonora en América del Norte. Dicha planta produce pequeñas flores tubulares y bilabiadas que al contener
2 pares de estambres y una corola con un labio superior encapuchado son flores con polinización nototríbica. Durante
abril del 2018, investigué la polinización de las especies del sur de Nevada. Mediante la aspiración de insectos de
las flores, estimé la cantidad de polen de S. mexicana adherido a la parte frontal de la cabeza y el dorso del tórax de los
insectos. Determiné la proporción de polen conspecífico en la cabeza, el tórax y los miembros medios y posteriores.
Además, analicé la relación entre las medidas de las estructuras de las flores y de los insectos. Todos los insectos recolectados de las flores fueron de tamaño similar a las abejas Anthophora (Apidae). Conformándose principalmente de hembras de A. coptognatha, seguido de machos y hembras de A. centriformis. Las abejas aterrizaron en las flores y se
alimentaron del néctar con la parte frontal de la cabeza hacia los lóbulos, exendiendose lateralmente desde la base del
borde superior de la corola. Cantidades grandes y variables de polen conspecífico fueron transportados en la cabeza y
tórax de las abejas, consistente con el tipo de polinización nototríbico de las flores de Scutellaria mexicana. Estas abejas
parecen ser específicas de la planta al transportar gran cantidad de polen de la Scutellaria mexicana. La proporción de
polen conspecífico en las abejas difirió entre los sitios de recolección, probablemente debido a las diferentes composiciones florales. Las bajas proporciones de polen conespecífico en las patas, en comparación con la cabeza o el tórax,
indicaron que el polen de otras plantas diferentes a la Scutellaria mexicana es transferido por abejas de ambos sexos, y
que las hembras transportan el polen a las larvas. La larga lengua de la Anthophora resultó proporcional a la profundidad
de la corola y a la disponibilidad de néctar. El vértice de la cabeza y el dorso anterior del tórax de las abejas que se
alimentan del néctar pueden alinearse con las anteras y el estigma de las flores. Por lo tanto, Scutellaria mexicana del sur
de Nevada parece depender de las abejas Anthophoras para su polinización.

Nototribic flowers have bilateral, or bilabiate, corollas with anthers and stigmas that
contact the dorsal surface of insect pollinators.
Plants with nototribic flowers are believed to
have evolved to ensure pollination by bees

while reducing pollen transport to bee larvae
(Westerkamp and Claßen-Bockhoff 2007). Pollen on the dorsum of bees would be less likely
to be transferred to the legs and delivered to
the nest or hive.
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Scutellaria L. (Lamiaceae) is a large genus
of plants with around 300 species and a worldwide distribution (Paton 1990, Olmstead 2012).
Flowers in the genus are nototribic with bilabiate corollas (Willmer 2011). Scutellaria mexicana (Torrey) A.J. Paton is a common shrub of
the Mojave and northern Sonoran Deserts
that was, until recently, in the monotypic
genus Salazaria. The species grows mostly in
southeastern California, southern Nevada, and
western Arizona, and it is commonly called
bladder sage or paper-bag bush due to its
inflated calyx at maturity (Benson and Darrow
1954). Shrubs of S. mexicana typically reach
1 m in height and flower between March and
June. Flowers (Fig. 1a) occur in racemes and
have tubular corollas that are 15–18 mm long
(Munz 1974). The upper lip of the corolla is
arched to form a whitish-violet hood that covers a single style and 2 pairs of stamens with
unequal lengths and ciliate anthers (Munz
1974, Olmstead 2012). The lower lip of the
corolla is purplish violet with recurved sides.
The corolla also includes a pair of white lateral
lobes that extend from the base of the upper
lip (Benson and Darrow 1954). Pollen of S.
mexicana examined with a SEM is tricolpate,
spherical to slightly prolate in shape, and
small (14 mm × 18 mm) compared with other
Lamiaceae (Trudel and Morton 1992).
Pollination in Scutellaria is largely unknown
and apparently inconsistent. Scutellaria floridana Chapman in Florida was most likely pollinated by bees in Megachilidae that landed
upside down on the hooded upper lip of the
corolla, agitated the stamens with their legs,
and collected pollen that fell onto the ventral
surface of their abdomens (Pitts-Singer et al.
2002). Bees in Halictidae also visited S. floridana flowers. Scutellaria tsinyunensis C.Y. Wu
& S. Chow in China appeared to be pollinated
by bees in Bombus (Apidae) and flies in Syrphidae (Liu and Deng 2011). Scutellaria
dependens Maximowicz in Japan produces
flowers rarely visited by insects and instead
reproduces by autonomous self-pollination
(Tanaka 1998).
The present study investigated pollination
of S. mexicana in southern Nevada. I examined the following questions: (1) What insects
visit flowers? (2) Do the insects collect conspecific pollen on their body where it can be
transferred to the stigma? (3) How specific are
the insects to S. mexicana based on pollen

loads? And (4) does the body structure of insect
visitors correspond with the structure of flowers? I concluded that S. mexicana in southern
Nevada is pollinated primarily by bees in
Anthophora (Apidae) that are morphologically
adapted to the structure of the corolla and
relatively specific to the plant species.
METHODS
The study was conducted in the Eldorado
Mountains 1.6–7.5 km east of Searchlight,
Clark County, Nevada. Insects were collected
at 8 sites within a broad sandy wash, or in
smaller adjacent washes, all of which drained
eastward. Sites ranged in elevation from 813 m
(35.474° N, 114.830° W) to 1076 m (35.472° N,
114.894° W). The area lies within the Mojave
Desert and has Larrea tridentata (DC) Coville
(Zygophyllaceae) and Ambrosia dumosa (A.
Gray) Payne (Asteraceae) as the dominant
plants. Species and abundances of flowers
varied among sites. At the lower sites, S. mexicana was common, with most shrubs producing flowers, and scattered flowers were also
produced by Hymenoclea salsola A. Gray
(Asteraceae), Eriogonum fasciculatum Bentham
(Polygonaceae), Eriophyllum wallacei (A. Gray)
(Asteraceae), Phacelia spp. (Hydrophyllaceae),
and L. tridentata. Scutellaria mexicana was less
abundant at the midelevation sites, with fewer
shrubs in flower and L. tridentata, H. salsola,
and E. fasciculatum flowering sparsely. At the
higher sites, S. mexicana was common and
producing abundant flowers along with L. tridentata. Flowering Viguiera parishii E. Greene
(Asteraceae) and Psorothamnus fremontii (A.
Gray) Barneby (Fabaceae) were also present.
Rainfall at Searchlight from December 2017
through March 2018 totaled 48 mm (CCRFCD 2018), 55% of average rainfall during
the same months in 1913–2016 (DRI 2018).
Insects landing on S. mexicana flowers were
collected on 14 dates, starting at the lower
sites and ending at the higher sites, from
7 April 2018 to 29 Apr 2018. I individually
aspirated insects through a tube into the top of
a 125-mL plastic, screw-capped flask, where
they dropped into a 4-dram glass vial. Each
insect was quickly killed by temporarily inserting a cotton applicator saturated with ethyl
acetate and attached to a cap into the vial
above the insect. I collected insects during a
total of 16.3 h between 08:45 and 15:00 Pacific
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Fig. 1. Anthophora coptognatha female bee and Scutellaria mexicana flowers in southern Nevada during April 2018:
a, collected bee with extended glossa (g) next to flower with notch (n) between upper and lower corolla lips; b, distal
anthers, stigma, and proximal anthers inside hooded upper corolla lip beyond lateral lobe (lb); c, corolla pulled open
exposing the stamens and style in lateral view; d, brightfield photomicrographs of stained pollen in polar view (top),
oblique view (middle), and equatorial view (bottom). Scale bars are 5 mm in panel a, 1 mm in panels b and c, and 10 mm
in panel d.

Daylight Time. Air temperature was 22–33 °C
during collections, and rainfall did not occur
during April 2018. I deposited a pressing
(UNLV 66424) of flowering and fruiting S.
mexicana at the Wesley E. Niles Herbarium,
University of Nevada, Las Vegas.
Pollen from S. mexicana was examined after
mounting in polyvinyl alcohol (Dafni 1992).
Stamens were pulled from flowers and vortexed
in 70% EtOH. I centrifuged the suspended
pollen at 3400 revolutions/min for 5 min, drew
off the alcohol, and added 1 drop of 1%
Safranin O stain in 25% EtOH. After 10 min,
I added 4.0 mL of water, centrifuged the
suspension again, drew off the water, added

0.6 mL of water, transferred the suspended
pollen into a 35-mL porcelain evaporating
dish, and added 0.3 mL of a 12% solution of
hydrolyzed polyvinyl alcohol to the dish. The
mixture was then vortexed and dried for 1.5 h
at 45 °C to produce a 3.0-cm-diameter clear
disk containing stained pollen. Pollen grains
were viewed in brightfield microscopy, following Fig. 11.3 in Faegri et al. (1989), and photographed through a 100× oil-immersion objective lowered onto the disk. Following Punt et
al. (2007), I measured the dimensions of pollen
with an eyepiece reticle at 400×.
Pollen on aspirated insects, all Anthophora
bees, was examined and counted. Bees were
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pinned and dried overnight, and with a dry
no. 2 artist’s brush, pollen was separately
brushed from the hairs on the front of the
head (upper clypeus to vertex) and on the dorsum of the thorax (scutum and scutellum) into
a 140-mL evaporating dish containing 70%
EtOH. I then cleaned the brush and rinsed
the sides of the dish with the alcohol. Brushing the head and thorax of bees did not
remove all of the pollen but did preserve the
structure and pattern of body hairs. Pollen on
middle and hind legs (tibiae and basitarsi) was
collected into 70% EtOH with a moistened
10/0 artist’s brush. Pollen samples were stained
and mounted as above, and each disk was
pressed between 2 microscope slides for viewing with the compound microscope. I scanned
head and thorax samples at 200× with a
mechanical stage between 2 parallel lines 5 mm
apart that delineated 21% of the area of the
disk. Pollen grains were counted and categorized as S. mexicana or as a different species.
I recognized pollen of S. mexicana by size,
shape, and furrowing. Grains difficult to categorize were viewed at 400× with a long-working-distance objective. Each sample of middle
and hind legs was scanned until the whole
disk had been scanned or until >100 pollen
grains were counted and categorized. Following Faegri et al. (1989), I also described the
predominant pollen other than S. mexicana.
Collected bees were identified to genus
with Michener (2000) and to species or species group with Brooks (1983, 1988). Two
species in the Porterae group were identified
by comparing them with specimens at the
University of California, Riverside, Entomology Research Museum and with their species
descriptions (Cockerell 1936, Timberlake 1951).
I also compared bees keyed to species with
the museum’s specimens. Most bees collected
were deposited at the museum, with the
best specimens numbered as study vouchers
(UCRC-ENT 516089–516094).
Numbers of S. mexicana pollen grains and
proportions of conspecific pollen were compared among body parts, as well as among
species and sexes of bees. Numbers of counted
brushed pollen grains were transformed Y1/2
to normalize distributions. ANOVA (Systat version 10.2, Chicago, IL) was then used to compare the transformed number of pollen grains
between the head and thorax, and among the
species and sexes of bees with >1 specimen.

The body part by species and sex interaction
was included in the ANOVA. I estimated the
number of pollen grains brushed from the head
and thorax by extrapolating the counted grains
over the entire disk. Proportions of conspecific pollen were compared among the head,
thorax, and legs, as well as among species and
sexes, with an analysis of variance that also
tested the body part by species and sex interaction. The analysis included sites and the body
part by site interaction to test whether these
factors influenced proportions of conspecific
pollen on bees due to different species and
abundances of flowers among sites. Proportions were transformed 2 arcsin (Y1/2) to normalize distributions and weighted by 1/s2 in
each body part to correct for unequal variances
among body parts due to unequal pollen loads
(Neter et al. 1996). Mean proportions were
separated between body parts with LSD tests.
Dimensions of flowers and bees were measured with a calibrated eyepiece reticle on a
stereo microscope and were then compared.
On flowers, I measured the distance from the
notch (Fig. 1a) between the upper and lower
lips of the corolla to the base of the corolla and
to the proximal and distal pairs of anthers (Fig.
1b, c). The depth of nectar above the base of
the corolla was also measured for flowers containing nectar. On bees, I measured the height
of the head (from the tip of the clypeus to the
vertex) and the length of the thorax (from the
front of the scutum to the rear of the scutellum). The length of the glossa (Fig. 1a) was
also measured from the tip of the labrum (and
the base of the galeae) on bees with the glossa
extended. Correspondence between maximum
glossa length and distance from the flower
notch to the nectar and base of the corolla was
examined. I also compared the height of the
head and the length of the thorax of species
and sexes of bees with the distance from the
flower notch to the proximal and distal anthers.
RESULTS
Stained pollen grains of S. mexicana viewed
with brightfield microscopy (Fig. 1d) are
spherical and tricolpate, circular with open
furrows in polar view, and circular-oval in
equatorial view. The polar-axis length is 14–18
mm and the equatorial width is 14 mm. The
deep, open furrows are also apparent in
oblique view.

WIESENBORN

♦

SCUTELLARIA MEXICANA POLLINATION

199

Fig. 2. Estimated numbers of conspecific pollen brushed from the front of the head (h) and dorsum of the thorax (t) of
Anthophora bees collected on Scutellaria mexicana flowers. Numbers of specimens are in parentheses. Horizontal bars
are means, and vertical bars are ranges. The Y-axis is a square-root scale.

Insects aspirated from S. mexicana flowers
consisted entirely of 4 species of Anthophora
bees. Each bee landed on the lower lip of the
corolla and hung nearly vertical with its
clypeus and face (between the clypeus and the
vertex) against the lateral lobes. Anthophora
bees remained only briefly (most <5 s) on
each flower and flew predictably between
flowers on the same shrub (enabling their capture) or flew to a nearby shrub. Flowers were
repeatedly visited. The most collected bees
were A. coptognatha Timberlake comprising
28 females and 1 male and A. centriformis
Cresson comprising 4 females and 5 males.
Both species were distributed across sites. I
also collected a single female of A. neglecta
Timberlake & Cockerell and a single male of
A. urbana Cresson. Anthophora coptognatha
and A. neglecta are both in the Porterae group
(Brooks 1983, 1988), and females of the 2
species were differentiated by the clypeus: the
clypeus of A. neglecta has a slender medial
keel (Cockerell 1936) and coarse, confluent
punctations, whereas the clypeus of A. coptognatha lacks a keel and has fine, dense punctations (Timberlake 1951) distinct from each
other. Males of the collected species are easily

distinguished from females by their whitishyellow head markings. Long, plumose hairs
were abundant on bees (Fig. 1a). Hairs
occurred on the upper part of the clypeus and
on the face, and a transverse line of hairs on
the vertex extended to the front of the thorax.
Similar hairs covered the entire dorsum of the
thorax. Contrasting with the abundant bees on
flowers, a sphinx moth (Sphingidae) and a
hummingbird (Aves: Trochilidae) were also
seen nectaring at flowers.
Pollen was visible on the entire surface of
Anthophora bees, and bees carried large and
varying amounts of S. mexicana pollen. Numbers of counted conspecific pollen did not differ between the head and thorax (F1, 68 = 0.79,
P = 0.38) or among A. coptognatha females,
A. centriformis females, and A. centriformis
males (F2, 68 = 1.51, P = 0.23). Body part also
did not interact with species and sex (F2, 68 =
0.46, P = 0.64). Estimated numbers of S. mexicana pollen (Fig. 2) averaged 185 grains (range
19–966) brushed from the head and 266 grains
(range 19–1526) brushed from the thorax on
all bees collected. Lower amounts of pollen
from all plant species were removed from the
middle and hind legs of most bees. Pollen
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Fig. 3. Proportions of conspecific pollen brushed from the front of the head (h), dorsum of the thorax (t), and tibiae
and basitarsi of the middle and hind legs (e) of Anthophora bees collected on Scutellaria mexicana flowers. Numbers of
specimens are in parentheses. Horizontal bars are means and vertical bars are standard deviations. Point estimates are
back-transformed from data transformed 2 arcsin (Y 1/2).

loads taken from the legs of 35 of the 40
Anthophora bees aspirated contained an average of 51 grains (range 8–133). Amounts of
pollen removed from the legs of the remaining
bees, all females, exceeded 100 grains, with
4 of them having their hind tibial scopae filled
with pollen to the top of the hairs.
Most pollen carried on the head, thorax,
and middle and hind legs of Anthophora bees
was from S. mexicana. Predominant pollen differing from S. mexicana was 2× the diameter
of conspecific pollen, tricolpate and semiangular with flat furrows and coarse sculpturing; narrowly prolate with length 2× the
diameter of conspecific pollen and furrowed;
or 1.5× the diameter of conspecific pollen,
tricolpate and semiangular with intruding
furrows and smooth sculpturing. Anthophora
bees were incidentally, and rarely, observed
on flowers of L. tridentata, H. salsola, and P.
fremontii. Proportions of S. mexicana pollen
on bees (Fig. 3) differed among body parts
(F2, 81 = 4.34, P = 0.016) and among sites
(F7, 81 = 2.57, P = 0.019), but not among A.
coptognatha females, A. centriformis females,
and A. centriformis males (F2, 81 = 1.49, P =
0.18). Body part did not interact with site
(F14, 81 = 1.36, P = 0.19) or with species and
sex (F4, 81 = 1.54, P = 0.20). Proportions of

S. mexicana pollen on middle and hind legs
were different, and lower, than those on the
head (P = 0.037) and thorax (P = 0.006),
whereas proportions on the head and thorax
did not differ (P = 0.74). Back-transformed
mean proportions of conspecific pollen were
96.0% on the head, 97.5% on the thorax, and
93.0% on middle and hind legs. Different proportions of S. mexicana pollen on bees among
sites corresponded to the variation in species
and abundances of flowers among sites.
Dimensions of S. mexicana flowers corresponded with dimensions of Anthophora bees.
The depth of the corolla below the notch on
flowers (n = 15) averaged 11.5 mm (range
10.4–12.6). Nectar rose 2.3–9.2 mm above the
base of the corolla (n = 21), or to within 2.3–
9.2 mm of the notch. The maximum length of
extended glossae was 8.4 mm in A. coptognatha females (n = 19; Fig. 1a) and 9.2 mm in
A. centriformis females (n = 4). Bees were
able to nearly reach the bottom of the corolla
with their glossa and obtain nectar from most
flowers containing nectar. The notch on flowers (n = 15) was an average of 3.9 mm (range
3.2–4.6) from the proximal anthers and 4.9 mm
(range 3.9–5.9) from the distal anthers. The
stigma was located between the 2 pairs of
anthers (Fig. 1b, c). The lateral lobes extended
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to the proximal anthers (Fig. 1b), approximately half the length of the upper corolla lip
beyond the notch (Fig. 1a). Anthophora bees
on flowers were similar in size. The height of
the head and length of the thorax (averaged if
there was more than 1 specimen) was 4.0 and
4.4 mm in male and 3.2 and 4.2 mm in female
A. coptognatha; 3.1 and 4.2 mm in female A.
neglecta; 3.1 and 4.0 mm in male A. urbana;
and 3.2 and 4.5 mm in male and 3.4 and 4.5
mm in female A. centriformis. Most bees feeding on nectar, with their labrum at the flower
notch, would have contacted the proximal and
distal anthers and the stigma with the hairs on
the vertex of the head or the hairs on the dorsum of the anterior thorax. Pollen would have
also been deposited lower on the head (on the
face or clypeus) if bees had brushed against
the anthers while inserting their long galeae,
labial palps, and glossa into the corolla.
DISCUSSION
Bees in Anthophora are found worldwide
on all continents except Australia, and in
North America the genus occurs mainly in the
arid Southwest (Brooks 1983, 1988). The
diversity of flowers visited by Anthophora suggests that bees in the genus are polylectic or
are able to opportunistically collect pollen
from a variety of plant families. Anthophora
coptognatha visits flowers in 6 genera and 4
families of plants in the deserts of California
and Arizona (Hurd 1979). Anthophora centriformis has been recorded on flowers in 22
genera and 14 families, including S. mexicana,
from California to west Texas and northern
Mexico (Brooks 1983). Anthophora neglecta
visits 20 genera and 15 families of flowers in
California, and A. urbana visits 97 genera of
flowers, including S. mexicana, in the western
United States and northern Mexico (Hurd
1979). The most abundant bee on S. mexicana
flowers, A. coptognatha, appears to utilize the
narrowest range of plants of the Anthophora
species collected. Females of A. coptognatha
appear more likely to pollinate the plant than
males, because of their more frequent collections from flowers, which is in contrast to
the approximate numbers of male and female
A. centriformis that were collected.
Anthophora bees likely function as important pollinators of fewer plant species than
they visit for nectar. Flowers in several plant
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families consistently pollinated by bees in the
genus are nototribic. A Penstemon (Plantaginaceae) in Wyoming with nototribic, tubular
flowers is mostly pollinated by a specialist bee
in Osmia (Megachilidae) and a generalist bee
in Anthophora (Tepedino et al. 2011). Osmia
and Anthophora are also the main pollinators
of several species of Linaria (Plantaginaceae)
in Europe with nototribic flowers (BlancoPastor et al. 2015). Nototribic flowers on several species of Sparaxis (Iridaceae) in southern
Africa are mostly pollinated by Anthophora
bees (Goldblatt et al. 2000). Pollen on the
nototribic flowers of Linaria (Plantaginaceae)
and Stachys (Lamiaceae) in Europe is transferred onto hairs on the front of the head of
female Anthophora furcata (Panzer) by the
vibration of the bee’s indirect flight muscles
(Müller 1996).
Anthophora bees landing on the nototribic
flowers of S. mexicana carried abundant conspecific pollen on the head and thorax, where
it could transfer to the stigma and effect pollination. The arrangement of the anthers in S.
mexicana in 2 closely set pairs, an arrangement frequently found in Lamiaceae, is
hypothesized to concentrate pollen deposition on the bee’s dorsum and improve pollination efficiency (Westerkamp and ClaßenBockhoff 2007). While the bee feeds on nectar,
lateral alignment of deposited pollen with the
stigma is improved by the insertion of Anthophora’s long galeae into S. mexicana’s tubular
corolla, termed by Westerkamp and ClaßenBockhoff (2007) as the alignment channel. The
depth of mouth-part insertion would be limited by the front of the head contacting the
lateral lobes on the corolla. Application of
force against the lateral lobes by bees clinging
to the corolla’s lower lip would also raise the
upper lip and increase contact with the anthers
and stigma. Nototribic flowers in some Lamiaceae have a narrow gap between the upper
and lower corolla lips that require pollinating
bees to forcibly raise the upper lip with their
head to reach the nectar (Westerkamp and
Claßen-Bockhoff 2007).
The lower proportions of S. mexicana pollen
on the middle and hind legs than on the head
or thorax of collected bees agree with the concept that nototribic flowers reduce transfer of
conspecific pollen to legs and larvae. Conspecific pollen on legs was diluted with pollen
from sources other than the brushed areas of
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the head and thorax. Only S. mexicana pollen
on the dorsal thorax, and likely the vertex of
the head, would be protected. Pollen collected
from nototribic Salvia (Lamiaceae) flowers
onto the face of female Anthophora walteri
Gonzalez while the bee was nectaring was
later transferred with the forelegs to the middle legs and then to the hind-leg scopae (Gonzalez et al. 2006). Pollen on the face of female
A. furcata was also transferred to the legs
(Müller 1996). Pollen transferred to the scopae
on female bees would be carried to larvae
within the underground nests that individual
Anthophora females construct (Brooks 1983).
The high proportions of conspecific pollen
on Anthophora bees, especially on the legs,
indicate that the bees were specific to S. mexicana flowers. Specificity to the plant agrees
with the importance of the genus as pollinators of nototribic flowers. The only bilabiate
flowers other than S. mexicana at the study
sites were on P. fremontii, a legume with
ventral-oriented stamens and styles. Introduced Apis mellifera L. (Apidae) was common
on P. fremontii flowers. The most abundant
and widespread flowers during the study were
on L. tridentata, a species that is only casually
visited by Anthophora bees including A. urbana
(Hurd and Linsley 1975). Bees in Anthophora
may consistently forage primarily on S. mexicana in the study area due to the local composition of plants. Bees may forage more on
other plant species in the area during years in
which higher winter rainfall produces greater
floral diversity during spring. The conclusion
that foraging behavior depends on flower availability is supported by the different proportions of conspecific pollen on bees among sites.
The apparent predominance of A. coptognatha
on S. mexicana flowers likely resulted from
the bees being more locally abundant than
being more specialized on the plant.
Several morphological features of the Anthophora bees on S. mexicana flowers contribute
to pollination of the plant. Most obvious is the
correspondence between the bee’s long galeae
and the plant’s tubular flowers, as well as the
length of the glossa in relation to the depth of
the corolla and the availability of nectar. Pollination is also ensured by the alignment of the
anthers and stigma with the long plumose
hairs on the upper head and on the dorsal,
anterior thorax of the bees immediately before
and during feeding. The similar size of bees

on flowers also suggests structural correspondence between flowers and pollinators (Willmer
2011). Smaller bees may not reach the anthers
and stigma with their head or thorax. Larger
bees would contact the anthers more with the
front of the head, where pollen could be
removed with the forelegs, as observed in
A. walteri (Gonzalez et al. 2006) and A. furcata
(Müller 1996).
Scutellaria mexicana appears to be dependent on Anthophora bees for pollination. The
apparent specificity of the plant for a single
genus of pollinators may be partly due to the
species being the only Scutellaria in its desert
range (Kearney and Peebles 1951, Olmstead
2012). Pollinators of other Scutellaria species
in North America would not overlap with pollinators of S. mexicana. Additional Anthophora
bees likely pollinate the plant in other areas.
For example, Anthophora salazariae Timberlake was named for S. mexicana due to its
visits to the plant’s flowers in California (Timberlake 1937). The few studies that have
examined Scutellaria life history suggest that
plants in this large and widespread genus
reproduce by various means, including pollination by an assortment of insects.
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